Europaisches 
Patentamt 



Eur pean 
Patent Office 



Office europ^en 
des brevets 



CO 



u 



Bescheinigung Ceiiificate 



Attestation 



Die angehefteten Unterla- 
gen stimmen mit der 
ursprQnglich eingereichten 
Fassung der auf dem nach- 
sten Blatt bezeichneten 
europaischen Patentanmel- 
dung Oberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page, as originally filed. 



Les docunnents fix^s £i 
cette attestation sont 
conformes a la version 
initialement depos^e de 
la demande de brevet 
europeen specifiee a la 
page suivante. 



Patentanmeidung Nr. Patent appiication No. Demande de brevet n" 

00402450. 1 



Der Prasident des Europaischen Patentamts; 
Im Auftrag 

For the President of the European Patent Office 
Le President de I'Otfice europeen des brevets 

P.O. 




I.L.C. HATTEN-HECKMAN 



DEN HAAG,DEN 
THE HAGUE, 
LA HAYE.LE 



25/04/01 



EPA/EPO/OEB Form 1014 - 02.91 



I 



Europaisches 
Patentamt 



Europ an 
Patent Office 



Office europeen 
des brevets 



Blatt 2 der Bescheinigung 
Sh t 2 of the certificate 
Page 2 de {'attestation 



Anmeldung Nr.: 
Application no.: 
Deniande n*: 



00402450. 1 



Anmeldetag: 



Date of filing: 06/09/00 



/ 



Date de depot: 



Anmelder 

Appllcant{s}: 

Demandeur(s): 

Corning Incorporated 
Corning. New York 14831 
UNITED STATES OF AMERICA 



Bezeichnung der Erflndung: 
Title of the invention: 
Titre de ['invention: 

Compensation of the refractive Index of doped InP 



In Anspruch genommene Prloriat(en) / Priority(ies) claimed / Priorite(s) revendiquee(s) 

Staat: Tag: Aktenzeichen: 

State: Date: File no. 

Pays: Date: Numero de depot: 



Internationale PatentKlassifiKation: 
International Patent classification: 
Classification Internationale des brevets: 



Am Anmeldetag benannte Vertragstaaten: 

Contracting states designated at date of filing: AT/BE/CH/CY/DE/DK/ES/FI/FR/GB/GR/IE/IT/LI/LU/MC/NLyPT/SE/TI 
Etats contractants designes lors du depot: ' 



G02B6/122 




Bemerkungen: 
Remarks: 
Re marques: 



EPA/EPO/OEB Form 



1012 



- 11.00 



3 

■If 
\ 

! 

I 

i 

i 



i 



1 



11 



t:KUU4U2450.1 



DESC 



COMPENSATION OF THE REFRACTIVE INDEX OF DOPED InP 



Background of the Invention 

1. Field of the Invention 

5 The present invention relates generally to opto-electronic devices, and 

particularly to an optical mode transformer. 

2. Technical Background 

Optical mode transformers (OMTs) are known to reduce optical coupling loss 
10 by mode transforming between a smaller mode of an optical device and a larger mode 
of an optical fiber. Spot-size transformation is needed from the l-2um range of the 
(usually elliptical) guided mode of the optical device (such as a laser, for example) to 
the 8-10 um range of the (circular) guided mode in the optical fiber (usually single- 
mode). The GMT is the region in an electro-optical device, including the optical device 
15 monolithically defined within the electro-optical device, where the shape of the guided 
wave is transformed. The transformation is obtained by the variation of the shape of the 
waveguides, such as by tapering. However, carrier-induced change in the refractive 
index of the material used for the GMT due to doping has increased coupling loss more 
than expected. The presence of dopants of opposed conductivities, is necessary for the 
20 electron transport of active optical devices. In a typical laser, for example, an active 

region is sandwiched between an n-doped buffer layer and a p-doped over-growth layer. 
It is known that n-doping changes the refractive index more than p-doping. Although 
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other III-V compounds can be used. InP is often used for high speed optical electronics 
such as above lOGHz because an InP device is faster (carrier mobility is higher) than 
GaAs device. When the InP layer is doped (n or p), free carriers are present in the InP 
material in the conduction band or in the valence band. These carriers can absorb light 
(i.e. absorb a photon by a band transition). When the absorption is modified, the index 
is also modified. Due to the effective mass difference between an electron and a hole, 
for the same doping level, the index change is more pronounced for n (electron) doping. 
Therefore, a need exists to reduce this difference in the carrier-induced change in the 
refractive index of an OMT to further reduce the coupling loss of the OMT. 



Summary of the Invention 

One aspect of the present invention is a mode transformer that includes a 
passive waveguide having a first composition sandwiched between two layers of a 
second composition. A p-doped re-growth layer having the second composition is 

15 disposed on top of the passive waveguide. A compensated n-doped buffer is disposed 
underneath the passive waveguide. The compensated n-doped buffer has the first 
composition and a sufficient concentration of a third composition such that the 
compensated n-doped buffer layer has a reduced index difference between the p-doped 
re-growth layer and the compensated n-doped buffer layer to compensate the index 

20 difference between the p-doped re-growth layer and an un-compensated n-doped buffer 
in order to preserve the symmetry of the guided optical wave. 

Additional features and advantages of the invention will be set forth in the 
detailed description which follows, and in part will be readily apparent to those skilled 
in the art from that description or recognized by practicing the invention as described 

25 herein, including the detailed description which follows, the claims, as well as the 
appended drawings. 

It is to be understood that both the foregoing general description and the 
following detailed description are merely exemplary of the invention, and are intended 
to provide an overview or framework for understanding the nature and character of the 

30 invention as it is claimed. The accompanying drawings are included to provide a 

further understanding of the invention, and are incorporated in and constitute a part of 
this specification. The drawings illustrate various embodiments of the invention, and 
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together with the description serve to explain the principles and operation of the 
invention. 

Brief Description of the Drawings 
5 FIG. 1 is a simplified partial cross-sectional view of a mode transformer, in 

accordance with the teachings of the invention; 

FIG. 2 is a side elevation view of FIG. 1 showing a more detailed two- 
dimensional vector field and structure view of the compensated buffer 110 of a second 
embodiment of the mode transformer of FIG. 3, in accordance with the teachings of the 
10 invention; and 

FIG. 3 is a perspective view of the second embodiment of the mode transformer, 
similar to the first embodiment 10 of FIG. 1, assembled on a motherboard, in 
accordance with the teachings of the invention. 

1 5 Detailed Description of the Preferred embodiments 

Reference will now be made in detail to the present preferred embodiment of 
the invention, an example of which is illustrated in the accompanying drawings, where 
the references are not to scale. Wherever possible, the same reference numbers will be 
used throughout the drawings to refer to the same or like parts. An exemplary 

20 embodiment of the mode transformer of the present invention is shown in FIG. 1 , and is 
designated generally throughout by reference numeral 10. In accordance with the 
invention, the present invention for the mode transformer includes a passive waveguide 
120 having a first composition co-existing with a second composition to provide a 
guided optical wave. Although other III-V compounds are usable, for high-speed 

25 operation, the first composition is preferably InP co-existing with the second 

composition of GaAs to provide a quatemary passive waveguide layer 120 of InGaAsP, 
serving as a core for the guided optical wave to be confined within and having a core 
refractive index. 

A p-doped re-growth layer 130 having the first composition is disposed on top 
30 of the passive waveguide 120. For high-speed applications, the p-doped re-growth 
layer 130 is preferably an epitaxial growth of InP having a re-growth refractive index 
lower than the core refractive index of the quaternary passive waveguide layer 120 for 
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the re-growth layer 130 to act as a top cladding for the core of the quaternary passive 
waveguide layer to confine light within the quaternary passive waveguide layer 120. 
One can use a ridge structure (without a regrowth), but the confiement will not be 
symmetrical. Hence, the function of the regrowth layer is to provide a top cladding 
layer which is symmetrical to the bottom cladding layer. 

Similarly and symetrically, a compensated n-doped buffer 1 10 is disposed 
underneath the passive waveguide 1 20 to act as a bottom cladding for the passive 
waveguide 120. The compensated n-doped buffer 110 also has the same first 
composition, preferably of InP, but also has a sufficient concentration of a third 
composition, which can be the same as the second composition of GaAs, such that the 
compensated n-doped buffer layer 1 10 has a reduced index difference between the p- 
doped re-growth layer 130 and the compensated n-doped buffer layer 110. Instead of 
using a standard n-doped InP bulk buffer, alone as an un-compensated buffer, the 
compensated buffer is used as taught by the present invention. 

As is known, the mode transformer 10 further includes a substrate 100 for 
epitaxially growing the buffer layer 1 10. For optoelectronic applications, III-V 
compounds, such as the group HI elements of Li, Ga, or AI, and the group V elements, 
such as As, P, N, Sb, are used as the substrate 100. The common substrates 100 used 
currently are InP and GaAs. As InGaAs substrates become available in the fumre, this 
and other types of substrates can also be used. However, for high-speed opto-electronic 
applications, the preferred substrate material currently is InP. 

In one implementation, as seen in FIG. 1, the compensated buffer 1 10 is an alloy 
having a lower concentration of Ga and As atoms than In and P atoms to form a n- 
doped InGaAsP buffer layer. The range of percentage of Ga and As atoms needed is 
approximately less than 1 % and preferably 0. 1 %. Hence, a buffer compensator is 
disposed within the normally n-doped InP buffer, the buffer compensator having Ga 
and As atoms to compensate for the carrier-induced change in refractive index of the n- 
doped InP buffer layer for resulting in a compensated n-doped InP buffer layer such that 
the compensated n-doped InP buffer layer 110 has a reduced index difference between 
the p-doped InP re-growth layer 130 and the compensated n-doped InP buffer layer 1 10. 
Therefore, the buffer compensator can be Ga and As atoms or any other composition 
having a refractive index slightly higher than the original buffer material that would 
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slightly increase the refractive index of the original buffer by combining with the 
buffer. 

Referring to FIG. 2, another implementation of the compensated buffer 1 10 is 
represented as 1 10' and also seen in FIG. 3. Preferably, the compensated buffer 1 10' 
5 comprises a thin series of layers of the second composition, such as GaAs, disposed on 
a bulk deposition of the first composition, InP, such that a series of thin InGaAsP layers 
are inserted in the n-InP bulk buffer. This layer insertion is easier to implement than 
forming an actual alloy of n-doped InGaAsP because the introduction of the layers is 
easier to control than the introduction of only a few percentage of Ga and As atoms. 

10 The compensated buffer 110' is made-up of four 0.5um of InGaAsP layers 211-214 
epitaxially grown on top of an n-doped InP bulk uncompensated buffer 210 having a 
thickness of about 6um and an n-doping level of n=lx 10 cm . As an example, the 
thickness of each of the InGaAsP layers is 0.03 fjm, which are inserted in the n- InP 
buffer. The InP substrate is about 200 |Jm thick and available as a commercial substrate 

15 having about an eptiaxial growth of 3pm thickness to form a buffer and waveguides and 
then another epitaxial growth of 4-6|im to form the regrowth. 

As an example of the improved electric field intensity achievable from the 
inventive compensated buffer of the mode transformer 10, the more centralized T.E 0,0 
guided mode of the electric field 250 is shown more localized around the passive 

20 waveguide 120 and the compensated buffer 1 10' than what would be expected, 

localized around the re-growth layer 130, if the buffer was uncompensated. In this 
example, the passive waveguide 120 is preferably a buried ridge stripe passive 
waveguide structure for emitting light at a wavelength (k) of l.lum from a quaternary 
layer of InGaAsP having a width of 7.0 um and a thickness of 0.07um. The passive 

25 waveguide 120 is further buried in the re-growth layer 130 that is preferably a p-doped 
InP layer. The thickness of this re-growth layer is typically about 4-6 \im. With this 
geometry, the coupling loss of this mode transformer is only about 0.2 to 0.3 dB higher 
than the coupling loss of an ideal case where the doping effect is not taken into account. 
In contrast, in a standard uncompensated buffer, the real coupling loss of the mode 

30 transformer is about IdB higher than the expected ideal case. 



6 

Referring to FIG. 3, the mode transformer of FIG. 1 is shown in a perspective 
representation, with an active waveguide or layer 302, disposed on top of the passive 
waveguide or layer 120, separated by an optional spacer 304, for mode transforming 
between a smaller mode (about lum) of an In-P optical device 306 and a larger mode 
5 (about lOum) of an optical fiber 308 for forming an optical mode transformer assembly 
300. The optional spacer 304 is a thin layer between the active waveguide or layer 302 
and the passive waveguide or layer 120. The spacer 304, if used, allows a better 
confinement of the guided wave in the active waveguide 302 where the gain in a laser, 
for example, is proportional to the confinement. 

10 The assembly 300 includes a Silicon motherboard 310 for supporting the Jn-F 

optical device 306 and the optical fiber 308. This Silicon motherboard is another name 
for a silicon optical bench. Optionally supported by a fiber holder 3 12 on the 
motherboard 310, the fiber 308 is butt-coupled at approximately the spot represented by 
the electrical field 250 shown in FIG. 2. 

15 Preferably, the In-P optical device 306 is a buried ridge stripe structure defined 

monolithically with the mode transformer 10 on the same n-doped InP substrate, such 
that the broad end of a preferably tapered portion 316 of the active waveguide 302 is 
integrated with the optical device 306 that is shown as the untapered portion of the 
active waveguide 302. The laser is shown as the untapered portion of the active 

20 waveguide. With this monolithic integration, the buried ridge stripe structure having 
the passive waveguide of the preferable InGaAsP composition confines and transforms 
the guided optical wave from the In-P optical device 306 to the optical fiber 308, along 
with the similar function of the active waveguide 302. The active waveguide is where 
the optical gain is localized (for a laser or an SOA). It is also where the carriers are 

25 converted to photons in a detector. Thus, reciprocally, the active regions is where the 
photons are converted to carriers. The p-doped InP re-growth layer 130 is disposed on 
top of the buried ridge stripe structure for burying the passive waveguide. Thus, the In- 
P optical device 306 is a laser, a semiconductor optical amplifier (SOA), a detector, or 
any other InP based opto-electronic device that need to be fiber pigtailed or hybridized 

30 on the Silicon motherboard 310. 

According to the teachings of the present invention, the compensated buffer 1 10 
compensates the index difference between the p-doped and the n-doped InP layers 130 
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and 1 10, respectively, in order to preserve the symmetry of the guided wave. When a 
material is n-doped, its index is reduced proportionally to the doping concentration. 
Because of the high effective mass of the hole, when a material is p-doped, its index is 
only slightly reduced. Thus in a typical laser structure, for example, where the active 
5 waveguide is sandwiched between an n-doped and a p-doped cladding or confinement 
layers 321 and 322, respectively, there is a refractive index difference between the 
upper and the lower cladding layers 322 and 321, respectively. Because GaAs has a 
higher index value than InP, the reduction of the index due to the doping in n-doped InP 
can be compensated by introduction of a certain concentration of GaAs in the InP 

1 0 material such that the light is confined more in the lower cladding layer. This lower 
cladding layer 321 does not need to be compensated. The compensation is for the 
passive waveguide so it is the buffer layer 1 10 which has to be compensated to have the 
same index as the regrowth 130. 

The light has to be confined and transferred into the fiber 308 from the optical 

15 device 306. The mode of the fiber 308 has a circular symmetry. So ideally the 

symmetry of the guided wave should also be circular. The index difference between the 
n-doped and p-doped material and the overgrowth layer 130 and the buffer 110 breaks 
the vertical symmetry of the guided wave. The compensation of the buffer 110 having 
a sufficient concentration of Ga and As atoms such that the compensated n-doped 

20 buffer layer has a reduced index difference between the p-doped InP re-growth layer 
130 and the compensated n-doped buffer layer 1 10 should restore this symmetry. The 
top laser cladding layers 321 and 322 does not cause the index to change. At the end 
facet the active region is tapered down to zero, so 321 and 322 do not play any role. 

Instead of using a buried ridge stripe structure for the passive waveguide 120, a 

25 buried hetero-structure can also benefit from a compensated layer. As is known, a 
heterostructure is a stack of different layers, where each layer has a different 
composition Generally, every opto-electronic device, such as a laser, is a 
heterostructure. In each n-doped InP layer, a concentration of GaAs can be introduced 
to compensate the index reduction due to the n-doping by the increase of the index due 

30 to the GaAs introduction in the InP material. 

It will be apparent to those skilled in the art that various modifications and 
variations can be made to the present invention without departing from the spirit and 
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scope of the invention. Thus, it is intended that the present invention cover the 
modifications and variations of this invention provided they come within the scope of 
the appended claims and their equivalents. 
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What is claimed is: 

1. An optical mode transformer comprising: 
an n-doped InP substrate; 

an n-doped InP buffer disposed on the n-doped InP substrate; 
a buried ridge stripe structure grown on the n-doped InP buffer, the buried ridge 
stripe structure having a passive waveguide of an InGaAsP composition; 
a p-doped InP re-growth layer for burying the passive waveguide onto the n- 

doped InP buffer; and 
a buffer compensator disposed within the n-doped InP buffer, the buffer 

compensator having Ga and As atoms to compensate for the carrier- 
induced change in refractive index of the n-doped InP buffer layer for 
resulting in a compensated n-doped InP buffer layer such that the 
compensated n-doped InP buffer layer has a reduced index difference 
between the p-doped InP re-growth layer and the compensated n-doped 
InP buffer layer. 

2. The optical mode transformer of claim 1 wherein the buffer compensator comprises a 
series of thin InGaAsP layers inserted into the n-doped InP buffer. 

20 

3. The optical mode transformer of claim 1 wherein the buffer compensator comprises a 
series of thin InGaAsP layers disposed on top of the n-doped InP buffer. 

4. The optical mode transformer of claim 1 wherein the buffer compensator comprises 
25 at least one InGaAsP layer disposed within the n-doped InP buffer. 

5. The optical mode transformer of claim 1 wherein the buffer compensator comprises 
at least one InGaAsP layer disposed on top of the n-doped InP buffer. 

30 



10 
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6. A method for mode transforming between a smaller mode of an In-P optical device 
and a larger mode of an optical fiber, the method comprising the steps of: 

providing a Silicon motherboard for supporting the In-P optical device and the 

optical fiber; 
providing an n-doped InP substrate; 

growing an n-doped InP buffer on the n-doped InP substrate; 

growing a buried ridge stripe structure on the n-doped InP buffer, the buried 
ridge stripe structure having a passive waveguide of an InGaAsP 
composition for confining a guided optical wave from the In-P optical 
device to the optical fiber for forming an optical mode transformer; 

growing a p-doped InP re-growth layer for burying the passive waveguide onto 
the n-doped InP buffer; 

disposing within the n-doped InP buffer Ga and As atoms to compensate for the 
carrier-induced change in refractive index of the n-doped LiP buffer 
layer for resulting in a compensated n-doped InP buffer layer such that 
the compensated n-doped InP buffer layer has a reduced index difference 
between the p-doped InP re-growth layer and the compensated n-doped 
InP buffer layer to form a mode transformer; and 

disposing the mode transformer grown on the n-doped InP substrate onto the 
Silicon motherboard. 

7. The method of claim 6 wherein the step of disposing within the n-doped InP buffer 
Ga and As atoms includes inserting at least one InGaAsP layer into the n-doped InP 
buffer. 

8. An optical mode transformer assembly for mode transforming between a smaller 
mode of an In-P optical device and a larger mode of an optical fiber, the optical mode 
transformer assembly comprising: 

a Silicon motherboard for supporting the In-P optical device and the optical 
fiber; 

an n-doped InP substrate disposed on the Silicon motherboard; 
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a buried ridge stripe structure defined monolithically on the n-doped InP 

substrate, the buried ridge stripe structure having a passive waveguide of 
an InGaAsP composition for confining a guided optical wave from the 
In-P optical device to the optical fiber; 
5 a p-doped InP re-growth layer disposed on top of the buried ridge stripe 

structure for burying the passive waveguide; and 

a compensated n-doped buffer disposed between the n-doped InP substrate and 
the buried ridge stripe structure, the compensated n-doped buffer having 
a sufficient concentration of Ga and As atoms such that the compensated 
1 0 n-doped buffer layer has a reduced index difference between the p-doped 

InP re-growth layer and the compensated n-doped buffer layer. 

9. An optical mode transformer for mode transforming between a smaller mode of an 
optical device having a first composition and a larger mode of an optical fiber, the 
15 optical mode transformer comprising: 

a Silicon motherboard for supporting the optical device and the optical fiber; 
a substrate having the first composition doped with a first dopant, the substrate 

disposed on the Silicon motherboard; 
a waveguide defined monolithically on the substrate, the waveguide having a 
20 second composition co-existing with the first composition for confining 

a guided optical wave from the optical device to the optical fiber; 
a re-growth layer having the first composition doped with a second dopant, the 

re-growth layer disposed on top of the waveguide; and 
a buffer disposed between the substrate and the waveguide, the buffer doped 
^5 with the first dopant and having a lower concentration of the second 

composition than the first composition for compensating the carrier- 
induced change in refractive index of the re-growth layer such that the 
buffer layer has a reduced index difference between the re-growth layer 
and the buffer layer. 



30 



12 

10. The optical mode transformer of claim 9, wherein the first composition comprises 
InP. 

11. The optical mode transformer of claim 9, wherein the second composition 
5 comprises GaAs. 

12. The optical mode transformer of claim 9, wherein the second composition 
comprises a EI-V compoimd. 

10 13. The optical mode transformer of claim 9, wherein the first dopant provides for n- 
doping. 

14. The optical mode transformer of claim 9, wherein the second dopant provides for p- 
doping. 

15 

15. The optical mode transformer of claim 9, wherein the first dopant and the second 
dopant are of opposite polarity. 

16. The optical mode transformer of claim 9, wherein the buffer comprises a thin series 
20 of layers of the second composition disposed on a bulk deposition of the first 

composition. 

17. The optical mode transformer of claim 9, wherein the buffer comprises an alloy 
having a lower concentration of Ga and As atoms than In and P atoms. 

25 

18. The optical mode transformer of claim 9, wherein the buffer has a lower 
concentration of Ga and As atoms than In and P atoms. 

19. A mode transformer comprising: 

30 a passive waveguide having a first composition co-existing with a second 

composition to provide a guided optical wave; 
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a p-doped re-growth layer having the first composition disposed on top of the 
passive waveguide; and 

a compensated n-doped buffer disposed underneath the passive waveguide, the 
compensated n-doped buffer having the first composition and a 
5 sufficient concentration of a third composition such that the 

compensated n-doped buffer layer has a reduced index difference 
between the p-doped re-growth layer and the compensated n-doped 
buffer layer to compensate the index difference between the p-doped re- 
growth layer and an un-compensated n-doped buffer in order to preserve 
10 the symmetry of the guided optical wave. 

20. The mode transformer of claim 19 wherein the first composition has a first 
refractive index and the third composition has a second refractive index that is greater 
than the first refractive index. 

15 

21. The mode transformer of claim 20 wherein the third composition is the same as the 
first composition. 

22. The mode transformer of claim 20 further comprising a substrate for epitaxially 
20 growing the buffer layer. 

23. The mode transformer of claim 22 wherein the substrate comprises a ni-V 
compound. 

25 24, The mode transformer of claim 23 wherein the substrate has the first composition 
comprising at least one of the group III elements of In, Ga, or Al, compounded with at 
least one of the group V elements of As, P, N, or Sb. 

25. The mode transformer of claim 24 wherein the compensated n-doped buffer is 
30 deposited by epitaxy on the substrate. 
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26. The mode transformer of claim 24 wherein the passive waveguide having the first 
composition of InP co-existing with the second composition of GaAs to provide a 
quaternary passive waveguide layer of InGaAsP, serving as a core, having a third 
refractive index. 

5 

27. The mode transformer of claim 26 wherein the p-doped re-growth layer having the 
first composition of InP and the first refractive index, wherein the first refractive index 
of the p-doped re-growth layer is lower than the third refractive index of the quaternary 
passive waveguide layer to act as cladding for the core of the quaternary passive 

10 waveguide layer to confine light within the quaternary passive waveguide layer. 

28. The mode transformer of claim 23 wherein the substrate comprises the first 
composition of InP. 

15 29. The mode transformer of claim 23 wherein the substrate comprises the first 
composition of GaAs. 

30. The mode transformer of claim 23 wherein the substrate comprises the first 
composition of InGaAs. 
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COMPENSATION OF THE REFRACTIVE INDEX OF DOPED InP 
Abstract of the Invention 

A mode transformer (10) includes a passive waveguide (120) having a first 
5 composition co-existing with a second composition to provide a guided optical wave 

(250). A p-doped re-growth layer (1 30) having the first composition is disposed on top 
of the passive waveguide (120). A compensated n-doped buffer (110) is disposed 
underneath the passive waveguide (120). The compensated n-doped buffer (1 10) has 
the first composition and a sufficient concentration of a third composition such that the 
10 compensated n-doped buffer layer has a reduced index difference between the p-doped 
re-growth layer (130) and the compensated n-doped buffer layer (1 10) to compensate 
the index difference between the p-doped re-growth layer (130) and the originally un- 
compensated n-doped buffer in order to preserve the symmetry of the guided optical 
wave (250). 

15 
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FIG. 1 
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FIG. 2 VECTOR FIELD 2D & STRUCTURE VIEW 
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